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Max Planck Institute of Molecular Cell Biology and Genetics, Dresden, Germany, 2 Department of Molecular Biophysics & Biochemistry, Yale University, New Haven, CT, USA. Because the plane of cell division bisects the mitotic spindle, the positioning of the spindle plays a key role in specifying the size of the daughter cells and in segregating cytoplasmic constituents. Little is known, however, about the mechanical processes underlying spindle positioning. To study this mechanism, we built an apparatus whereby calibrated magnetic forces are applied to the spindle via super-paramagnetic beads inserted into the cytoplasm of one-and two-cell C. elegans embryos. At metaphase in the one-cell embryo, a 20 pN force displaced the mitotic spindle pole of one-cell embryos in metaphase approximately 1 mm away from the anterior-posterior axis over 10-20 seconds. By tracking the bead displacement, we found that the spindle behaved roughly as a damped spring with a spring constant of 22 5 13 pN/mm and a drag coefficient of 138 5 71 pN$s/mm (mean 5 SD, 26 traces from 19 cells). The stiffness was five-fold higher during anaphase, indicating that the centering forces increase during the cell cycle. The stiffness was two-fold higher in the two-cell embryo, consistent with a centering mechanism that scales inversely with cell size. Finally, gpr-1/2 RNAi knockdown had no significant effect on the viscoelastic properties of either metaphase or anaphase spindles. Taken together, our results constrain molecular models of centering. The gpr-1/2 results rule out a role for cortical forces pulling on the spindle via astral microtubules. On the other hand, the results are consistent with centering being mediated by astral microtubules either pushing against the cortex or being pulled by cytoplasmic factors. Septins are guanine nucleotide-binding proteins that polymerize into filamentous and higher-order structures. Cdc42 and its effector Gic1 are involved in septin recruitment, ring formation and dissociation. The regulatory mechanisms behind these processes are not well understood. Here, we have used electron microscopy and cryo electron tomography to elucidate the structural basis of the Gic1-septin and Gic1-Cdc42-septin interaction. We show that Gic1 acts as a scaffolding protein for septin filaments forming long and flexible filament cables. Cdc42 in its GTP-form binds to Gic1, which ultimately leads to the dissociation of Gic1 from the filament cables. Surprisingly, Cdc42-GDP is not inactive, but in the absence of Gic1 directly interacts with septin filaments resulting in their disassembly. We suggest that this unanticipated dual function of Cdc42 is crucial for the cell cycle. Based on our results we propose a novel regulatory mechanism for septin filament formation and dissociation. The cells ability to adhere to the extracellular matrix (ECM) is a fundamental feature of many higher eukaryotic cells and is required for cell migration, proliferation, and differentiation. At the scale of single cells, the primary patterns of adhesion to the ECM are called focal adhesions (FAs). They are thought to serve as mechano-sensor units. Recent progress in super resolution techniques opened the door to study ultrastructure of focal adhesions. However the dynamics of their spatial structure has not been studied yet. Here, we combine structured illumination microscopy (SIM) with total internal reflection fluorescence microscopy (TIRF) to study focal adhesions at high spatial resolution in live cells. We studied REF52 fibroblasts spread on fibronectin disks to avoid the variability of focal adhesions properties due to variable cell morphology and migratory status. We observed the formation of many focal adhesions localized at the lamellipodium-lamellum interface. We further show that (i) focal adhesions are formed by filaments subunits which grow retrograde and then shrink in~20 mins, (ii) that their formation depends on the spreading area of the cell and (iii) that each filament connects to a single actin cable, therefore linking the internal structure of focal adhesions to the maturation process through actin pulling on the focal complex. Thus our study reveals the ultrastructure and dynamics of focal adhesion and is a first step towards a better understanding of the formation of FAs with respect to the cell mechanical state. Keywords: focal adhesions, filamentous unit, SIM, retrograde flow, spreading area, paxillin.
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